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CLAIMS 



[Claim(s)] 

[Claim 1] The method of forming a capacitor in a semiconductor device by which it is characterized by providing the 
following, a) The stage which forms the 1st insulating layer on a wafer, b) The stage which forms the 1st mask 
equipped with opening arranged on the aforementioned insulating layer, c) The stage which lets the aforementioned 
opening in the 1st mask of the above pass, and ********** s the array of the hole in the 1st insulating layer of the 
above, d) The stage which forms the 1st electrode layer which covered the 1st insulating layer of the above and has 
spread into the aforementioned hole, the stage which forms the dielectric layer which has spread into the 
aforementioned hole on the 1st electrode layer of e above, the stage which form the 2nd electrode layer which has 
spread into the aforementioned hole on the f aforementioned dielectric layer, and the stage which carry out pattern 
formation of the aforementioned capacitor using g the 2nd mask. 

[Claim 2] the [ the above 1st and ] ~ the method according to claim 1 characterized by an isolation layer depositing this 
2nd electrode layer on the wrap aforementioned wafer in order to isolate the marginal part of 2 electrode layers 
[Claim 3] The method according to claim 2 characterized by forming the aforementioned dielectric layer in the separate 
interior of a room. 

[Claim 4] The method according to claim 3 that the aforementioned dielectric layer is characterized by being formed of 
furnace oxidization. 

[Claim 5] The method according to claim 4 that the aforementioned dielectric layer is characterized by being formed of 
plasma oxidation. 

[Claim 6] The method according to claim 4 characterized by forming the aforementioned dielectric layer of rapid 
thermal oxidation. 

[Claim 7] A method given in either of a claim 4 to the claims 6 characterized by forming the first seed layer of the 
partial oxidation of the 2nd electrode of the above using the accumulated oxygen plasma. 

[Claim 8] After formation of the aforementioned isolation layer, a hole ********** stoan activity component through 
the 1st insulating layer of the above. In order to contact this activity component, the 1st metal layer is formed in the 1st 
insulating layer of the above. The 2nd insulating layer covers the aforementioned 1 st metal layer, and is formed, and a 
beer hall ********** s to the aforementioned 2nd electrode layer of the aforementioned capacitor through the 2nd 
insulating layer of the above. A method given in either of a claim 2 to the claims 6 characterized by forming the 2nd 
metal layer in order to contact the 2nd electrode of the above through the aforementioned beer hall. 
[Claim 9] the [ the above 1st and ] ~ the method according to claim 8 that 2 metal layers are characterized by carrying 
out pattern formation after deposition 

[Claim 10] A method given in either of a claim 1 to the claims 9 characterized by the 1st insulating layer of the above 
being a synthetic layer. 

[Claim 1 1] A method given in either of a claim 1 to the claims 9 to which the aforementioned synthetic layer is 
characterized by being SG/PSG/SOG. 

[Claim 12] The method according to claim 1 1 that Above PSG is characterized by being inorganic SOG in which 
Above SOG includes Lynn of about 4% of heavy quantitative ratios, including Lynn of about 4% of heavy quantitative 
ratios. 

[Claim 13] A method given in either of a claim 1 to the claims 12 to which the aforementioned 1 st electrode layer is 
characterized by being a Ti/TiN composition layer. 

[Claim 14] the aforementioned 2nd electrode layer is a TiN/Ti/TiN composition layer - a method given in either of a 
claim 1 to the claims 13 characterized by things 

[Claim 15] A method given in either of a claim 1 to the claims 14 to which the aforementioned dielectric layer is 
characterized by being titanium oxide. 

[Claim 16] A method given in either of a claim 1 to the claims 14 to which the aforementioned dielectric layer is 
characterized by being a silicon nitride. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention mainly relates to the method of forming a mass 

capacitor in a semiconductor device in detail about semiconductor manufacture. 

[0002] 

[Description of the Prior Art] In order to supply a high time constant in an RC circuit, it is desirable to manufacture the 
component equipped with Resistance R and Capacitor C of the biggest possible value. According to the inclination to 
go to narrower line breadth, it is, still more difficult to maintain the electrostatic capacity of a big value. The reason is 
because electrostatic capacity is proportional to the area of a plate and it is in inverse proportion to the clearance 
between plates. 

[0003] The Europe patent No. 0,188,946 official report is indicating the method of forming the capacitor which 
sandwiches structure has deposited on the slot with a depth of about 5micro formed in the substrate, although this 
technology can increase electrostatic capacity as compared with the conventional horizontal capacitor, it is one of these, 
for example, cannot supply sufficient electrostatic capacity to the newest device using 0.8micro technology 
Furthermore, it is not helpful to take in the method indicated by this patent with sufficient convenience to a standard 
manufacturing process. 

[0004] The British patent application 9801322.No. 0 specification under simultaneous connection has indicated how to 
form a capacitor in the integrated circuit which has spread in the hole where the sandwiches (conformal) structure of 
**** was formed in the insulating layer. In desirable structure, the TiN electrode which has Ti02 dielectric layer is 
used. In this processing, it was assumed that Ti02 dielectric layer is formed at the same room as an electrode layer. It 
mainly originates in the facilities carried out using the same metal, and the high dielectric constant of Ti02, and the 
aforementioned structure has the very desirable property. The TiO two-layer manufacture in the room same on the 
other hand is accompanied by a certain actual difficulty resulting from the difficulty which treats oxygen within a 
cryopump. If sufficient precaution is not taken, there is danger of explosion. 

[0005] Furthermore, in order to maintain a manufacturing cost within economical limits, it is important to restrict the 
number of the additional masking stages needed for manufacturing a device, each special masking stage — complexity - 
- and thereby, a manufacturing cost is increased 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the method of being a low cost and 

forming a mass capacitor in an integrated circuit. 

[0007] 

[Means for Solving the Problem] The stage which supplies the 1st insulating layer according to this invention, and the 
stage which supplies the array of opening on the aforementioned insulating layer to the 1st mask . The stage which 
forms the 1st electrode layer which let the aforementioned opening in the 1st mask of the above pass, covered the stage 
and the 1st insulating layer of the above which ********** the array of the hole in the 1st insulating layer of the 
above, and has spread into the aforementioned hole, The stage which forms the dielectric layer which has spread into 
the aforementioned hole on the aforementioned 1st electrode layer, The semiconductor formation method of providing 
the stage of the method of forming a capacitor in a semiconductor device of the stage which forms the 2nd electrode 
layer which has spread into the aforementioned hole on the aforementioned dielectric layer, and the stage which carries 
out pattern formation of the aforementioned capacitor using the 2nd mask is offered. 

[0008] This sequence enables the addition of only two masking stages to perform perfect manufacture operation 
including connection with other components on wafers, such as a transistor. Maintaining the number of masking stages 
at the minimum can be seen from a viewpoint of cost, and it can prepare importantly the difference between the 
processing in which execution on commerce is possible, and the processing which cannot be performed. 
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4% of Lynn by the weight ratio. As for a spin-on-glass, it is desirable that it is the organic spin-on-glass which contains 
about 4% of Lynn by the weight ratio. 

[0012] You may be a synthetic layer (composite layer) like TiN/Ti/TiN or Ti/TiN in itself [ aforementioned / electrode 
layer ]. In order to contact the polysilicon contest contact layer and fitness which exist downward, as for a lower layer, 
consisting of a Ti/TiN composition layer is desirable. Generally, an up layer is more as thick as about 2000A, and it is' 
desirable that it is the form of TiN/Ti/TiN sandwiches structure. Ti can usually be set to tensile stress, and TiN can 
usually be set to compressive stress, and thereby, this sandwiches structure is constituted so that the stress in an 
electrode may be reduced. 

[0013] Then, about integrated-circuit structure, you may form by the conventional method. 

[0014] Although you may be titanium oxide with sufficient convenience, about other dielectric layers like a silicon 
nitride (Si3N4), the aforementioned dielectric layer is independent or may be used in collaboration with a titanium- 
dioxide layer. For example, you may make it deposit by PECVD (plasma enhanced chemical vapor deposition) about 
the aforementioned silicon-nitride layer. 
[0015] 

[Embodiments of the Invention] Below, this invention is explained more only through the example which referred to 
the accompanying drawing at a detail. Drawing 1 is the rough cross section of a semiconductor device with which the 
capacitor was formed upwards. Drawing 2 is some plans of the wafer which has the capacitor formed upwards. 
Drawin g 3 - drawin g 7 illustrate the various processing stages where it participated in manufacture of the capacitor by 
this invention. Drawing 8 shows other operation gestalten. 

[0016] In drawin g 1 , the silicon substrate 1 has various (not shown) components, such as a transistor formed in the 
interior of the well-known pretreatment stage in the conventional technology. Pattern formation is carried out in order 
for the layer of contest 2 polysilicon to deposit on the surface of a wafer first in order to supply the mass capacitor 10 in 
a device, and to offer the contact for the pars-basilaris-ossis-occipitalis electrodes for capacitor 1 0. 
[0017] Next, the synthetic layer 3 is deposited on the aforementioned polysilicon contest layer 2 by the conventional 
means. This insulating layer 3 usually consists of the lower layer of silicate glass (silicate glass), an interlayer of the 
silicate glass (weight ratio 4% of Lynn content) which doped Lynn, and an up layer of an inorganic spin-on-glass (also 
this, a weight ratio 4% of Lynn content). Formation of such an insulating layer is the conventional thing, and is well 
known by this contractor. The layer 3 usually has the criteria thickness of 0.8micro by the total. 

[0018] After [the 1st ] using a mask (not shown) specially, the array of a series of holes 5 ********** st oan insulating 
layer 3. Each array forms a capacitor in the method to be explained from now on. Although this mask is usually needed 
in the conventional integrated-circuit processing, since it needs the masking stage in the upper part, it is specially called 
a mask. 

[0019] At the sputtering room under existence of inert gas like an argon, sputtering of the lower electrode 7 is first 
carried out on an insulating layer 3 by carrying out isotropic (isotropic) sputter etching etched or concentrated, after 
making a corner 6 slanting. The lower electrode layer 7 consists of a titanium-nitride layer following a titanium layer 
and it. In order to contact electrically the polysilicon contest layer 2 which exists downward good, it is desirable that a 
lower sublayer is Ti. It can be made to deposit about the aforementioned titanium-nitride layer by changing the inert 
gas of the sputtering interior of a room to nitrogen. 

[0020] Next, a water is moved to a different system and the titanium oxide (Ti02) layer 8 is formed on a titanium- 
nitride layer in this system by thermal oxidation usually performed within about 30 minutes at 400-500 degrees C (or 
plasma oxidation performed for about 2 minutes at 200 degrees C). Or about an oxide layer, it can form by rapid 
thermal oxidation performed in about 1 minute at about 700 degrees C again. This oxide layer usually has the thickness 
of50-1000A. 

[0021] As a preliminary stage, the titanium which separated can be oxidized in the place of original in a metalization 
tool. In this case, a wafer is sent to the 2nd loculus and, as for a wafer, oxygen is placed for about 1 minute into 1% of 
argon plasma in these 2nd loculus. A seed oxide layer is made by this from the titanium which separated, and, thereby, 
subsequent oxidization is strengthened. 

[0022] Finally, the aforementioned wafer is returned to a sputtering room, and TiN or the up electrode layer 9 which 
consists of TiN Ti/TiN sandwiches structure preferably deposits it. Besides, the member 9 has the thickness of about 
0.0 1-0.1 micro. 

[0023] Since a dielectric layer 8 is deposited within one independent system, although it does not have the dielectric 
characteristics which were excellent about two TiO, for example, other suitable dielectrics like a silicon nitride (Si3N4) 
can also be used. Otherwise, it is possible to use the combination of Ti02 and Si3N4. 

[0024] Drawin g 3 shows the wafer before formation of a capacitor 10. This device has the transistor 25 equipped with 
the field oxide layer 20, and the source 21, the drain 22, the oxide gate (gate oxide) 23 and the gate 24 in a silicon 
substrate 1 . This gate 24 is a polysilicon contest layer deposited with contact 2 as a common layer, next pattern 
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dielectric 3, in order to arrive at the source, drain, and gate field of a transistor 25. This stage is the conventional thing. 
Then, the metal interconnection layer 41 (aluminium alloy which usually gave TiN acid-resisting coating) is formed on 
the isolation layer 30. This interconnection layer 41 (Ml layer) has spread in the hole 40, in order to bring about 
contact to the source 21 of a transistor 25, a drain 22, and the gate 24. The contact to the electrode of a capacitor is not 
brought about yet. Since it originates in the fact that the reason has the oxide layer 3 at least 1 0 times as thick as the 
oxide layer on a capacitor 10 on a transistor 25 and too much etching arises, etching of the contact hole 40 is for 
causing penetration of the up electrode layer 9 of a capacitor, and perfect etching, and bringing about the result of local 
destruction of a capacitor. 

[0029] After carrying out pattern formation of the layer 41 (Ml layer), it is formed as the further insulating layer 50 is 
shown in drawing 7 . This layer consists of the conventional 1D1/SOG/1D two-layer, and ID expresses the dielectric 
between layers (interlayer dielectric) here. ID is usually SRSG (silicon rich silicon glass), and SOG in this case is a 
half-organic spin-on-glass (semi-organic). 

[0030] After forming an insulating layer 50, it ********** s m the up electrode 9 and layer 41 with desirable forming a 
mask (not shown) and a beer hall (via hole) 51 bringing about interconnection through the aforementioned layer 50 
which isolate a capacitor 10. This is a standard procedure. Then, the 2nd aluminum interconnection layer 52 (M two- 
layer) is formed on a layer 5 1 . This M two-layer is formed in processing of the conventional integrated circuit, in order 
to make it connect with Ml layer, and in the case of a parenthesis, in order to make it connect with the up electrode 9 of 
a capacitor, it is added and formed. Then, pattern formation of this layer 52 is carried out by the conventional method. 
[0031] Since it is far thicker than the up electrode layer 9 and Ml layer 41 generally reaches the interconnection layer 
41 before a beer hall 5 1 reaches the thinner electrode layer 9, there is no danger of too much etching. Etching can be 
terminated shortly after a hole reaches the electrode layer 9. Therefore, there is no danger of too much etching which 
causes destruction of a capacitor, and connection with the both sides of the electrode layer 9 and the interconnection 
layer 41 becomes certain further. 

[0032] The conventional capacitor 60 is formed and drawing 8 is connected in parallel, before showing other operation 
forms and constituting the **** capacitor (conformal capacitors) 10 in this case. In the conventional integrated-circuit 
technology, a capacitor 60 is formed by supplying the additional multiplex layer 61 to the bottom of the multiplex layer 
(poly layer) 2 the 1st. A dielectric layer 62 is formed between these two multiplex layers 2 and 61 . According to this 
invention, the additional capacitor 10 can be formed in the upper part of the conventional capacitor in the method 
mentioned above. Capacitors 10 and 60 are connected in parallel and the synthetic capacitor which has electrostatic 
capacity equal to the sum total of each two capacitors by this is made. 

[0033] Drawing 2 is some plans of the wafer in which the capacitor 10 which consists of an array of a hole 5 is shown. 
The connection with the lower multiplex layer 2 is based on connection 2'. Usually, a hole has the diameter of about 
1 micro, and is estranged about 1 micro mutually. 

[0034] The above-mentioned method enables it to form a capacitor mass by the economical method by the addition of 
only two masking stages, the 1st for the only special masking stage needed forming a hole 5 - the 2nd for forming a 
mask and a capacitor specially - it is with a mask specially Although a special deposition stage is needed in order to 
form a capacitor, the remaining connection is made using a standard processing stage. Especially this method is 
suitable for using 0.8micro and the line breadth not more than it. Furthermore, these capacitors have the metal electrode 
and, thereby, the voltage coefficient (voltage coefficient) which was very excellent is brought about. 
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[00 15] 

&£ftLx. *wniz^^xx v )WMzmw'f& a mi 

MIitl)l» e m2\±, UzBtfLZtifz? >ry~*r 
^lt^x»A«-^W?'l)^ (13-117 

40 [00 16] HHCfcV^T. y'J^yMlli, ta£5fegE 

^ui^ s r ^'^ xftiz±mm<7)3 y-r y-*r 1 or 

mftcony?-7hz tm-f h tzih {>zj - yBfSl $ ^l*C 
[0017]^:, ^fi!Ui3(i, tflE^^CJ: Omfie 

ty;v yy a ym2±izm.m2ti& * z^mmsn. m 

50 ^ii, -y^W^L^yX (silicate glass) <7)T^lt, 
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MJt4%coyy£i^T) 0)±.Wmkfrt>%h. z 

tit. &«<?mmt. ztLfr^mt&xmz&^x? 
mw^zm&j&mt ztiz i><7)<7)±mzmi-&-?x$r 

[0019] ft®6Zffihlz Ltzmz, mm. 

<h (isotropic) X y^yft LtzX/^-y ?JL 

T}Vdy<r> j; -3 %^£fej]X<7$&&T<r)XJ^y 9 >J y?" 

^t^i>. Tiz&i±tm i Ji<'03>m2t£kmzn 
%mzmkt^tzMzit. T&ftmmtfT i x-fohz t 

tfft&L^. lulEMft^yJIfcovvni. ^-y^'J 

[00 2 0] ^x-Afl ^o^yXf^l 

5 0 0 °CXW 3 0 t^T'It 3 MStitlz J; 9 < £ £ii 2 
0 0TT^2^^nl>TyXVig'fi:^J; 0 ) M-ftf- 

fymucmtf-fy (tio 2 ) es^^s^, 

[00 2 1] flWtU, MfL*:^y£. £ 

wiry -^co^commxwtt^ z t & . * 

[00 2 2] a^C. H5ie^x-Mti. ^\" 7 ^jy7' 
m^mZtl, tfO. TiNgfcliSf£L<JiTiN T 
i/T i N-fry v^3I^&£±SPmil/I9^ 

[00 2 3] mnfcmsa 1 o^iiL^^xA^r- 
02 h s i s N 4 <offi^«:ffli^ c. t ^mixhh. 

[00 24] H3fi, 3>f>tl0c7)Mi^x- 



^z-^LTi^S. i^r^V^ii. y'Jnyili^ 
7 4-/l'KSHMOT2 0i:. V-*2 It KU-y2 2 
tlgffl^-h (gate oxide) 2 3 tjf- h 2 4 £ £fl 
/:^h7y^^2 Sfc^LT^f*. <!Oy-h24 

yj^yMr^O. ffifE^yi/iii. ramMi^ 

[002 5 ] SG/PSG/SOG13{l d4 

io i,z9fk£ti& Xoitzimzti. ^ uyr'y^ioii. 

[HI LTUPjfSftf: J: 5 CJMSftS . 
[0026 ]=? yfy^T l o.^j£&£. n yfy^tm 
7, s, Qfilii^x-A^^WTi^, ^ 

Ztt>X%& 0 

[0027] \t^t:A,B&zti&b. ?yfy*riQtf 

20 ^-yffM£il, mmm-imm (isolation oxide la 
yer) 3 0^x -s\£fclZj&f&$tiX . !l4C^$il 

h£o%m&tt£h. z\<mmm\3mii. pecvd 
te±v)ffi$L%tix . flavor? yf y^r i o^mmth, 

^(C, 3yf>tl0i0l7, 8, 9^)^10' 
^^f^il^fL^C t £WzlZ't&t:ibl l z&mx~b&. 
[0 0 28] <X?)m%&. hyy : JX^25W~^. 

hi— y. &&xf¥-vffi$>izmttht&>i,z^ mm 
30 )\,Ao*x.v*f*yy-thztx*foh. zcomsm%<7> 
i N^tM^-t^ y^^mitzr^^^^^) 

(Mil) (i, h7>y'X^2 5^V-X2 K KU- 
y2 2. &£lfy--t*2 4t0>8Zt&£l>t:t>ttMz. 
t^-/U4 0i*itzfe£^oTV^. nyry-t;7)^/\^ 

x ^ 2 5 l&mflfaM 3 *\ nyfniO _b^0®Kfc*S5 

i8j;o^^<fct i oim^t^owmizmmixm 

40 &<F>3i»/i-y'ytf&_th<r)X\ fiM^-^4 0^x./ 

[0029 ] 14 1 (Mil) ^^7-7^1/-:^ 

iz, £h%umm5 0tim7iz^ii&£oi,zBfc$ 

tlh. Z^Jmii, Di/SOG/I Dzl^^^r 

ottJO, CCT\ I D(iJ§p B lf^#c (interlayer die 
lectric) r^LT^I> 0 I D[l ffiSti. SRSG (s 
ilicon rich silicon glass) X'fo*) * fr'O. ZCD^m^ 
50 cOSOGii:, (semi -organic) ^t*y->fy 
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[00 30] f£3M5 0£^j£Ui&C. (d^ 
^■f) ftBfl&tl. (via hole) 5 1 

I). 8El*T. g2 7Jl'$- 1 >AfflS3$&J15 2 (M 

Z&ltz&££MlXffi&$tl&. m^X. -T015 2 

[ o o 3 1 3 Mi m 4 1 i±-mz±mwMm 9 x o u± 
pjjtr &fr^ffii:^®4 items?-* or. 

•y ■?- y ii&v * . * -/i^TOl 9 tcgll-f & 

t -f Ctcx vf- y ^£f*7 £ Cl i: ifX Z h . 

[0032] ms&. fowmmmttiTte*). 

^£§3 yf^t ( conformal capacitors) 1 

l &mm l ^tix^h e ^m<nwM^w^z^ 

TH 3^f>f 6 0(1 ^ltC^M (poly layer) 

ISllzB&ZtiZ . ^mzktilf, ±&Ltzjjmz&u 
m-hZ.ttfT'*h. 3yf>tl0, 6 0&m\£& 

[00 3 3] H 2d 5 ^S^'J^^r* 3 yf> 

-m o^^t^ ^~^<o-uwwmxhh. tspo^ 

[00 34] ±|gL*:;fr&CJ;9. 2^7X^y^ 

Sijv^^fc. riyr>^^?FMt-^^^m2^']-?X 
9tXhh. ^VTy^*B$&ht&>KZ\*. WhWfc 



zm^xftztiz. znjjffiL ftiz* o. sjuiisxif 
^ni:jT^Bm^m-r6co(,zmLXi^ 6 .1 

Tipton ^SSlEfiS^^TtsO, 

iO. ^^tCfffL/'J'lE^ (voltag|. coefficient) 

[M^mm^ri^] 

[HI] 3 yr>^^'±^m$^fc^^fV^ x 

10 [d2] .±£^j£$ftfc3yf>^£^1-& T *x-;\ 
^— ffi<r)¥mmxh&. 

[El 3 J .^^Ci^nyTyW^jticf^Ucm 

[H4] E3fcl«]&OllT2bS. 
[H5] @3i:l«l&0»C£S. 

16] mstmmcomxfoh. 
7] m3tmmcr>mxh&. 

1 m 8 j flfionte^ £ ^ m xfo h o 

20 1 y'Jnyll 

2 ^U^Unyl 
3 
5 
6 
7 
8 
9 

1 0 

1 0 
30 2 0 

2 1 
2 2 
2 3 
24 
2 5 
30 
4 0 

4 1 

5 0 
40 5 1 

5 2 
60 

6 1 
6 2 
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(Ti0 2 )i 



7 4-}VYmtW 

KU-y 



fflS^^Ji (Mil) 



nyfyf 
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